We investigated the prognostic performance of myeloperoxidase (MPO), and soluble CD40 ligand (sCD40L) along with B-type natriuretic peptide (BNP), high-sensitivity C-reactive protein (hsCRP), and cardiac troponin I (cTnI) for non-fatal recurrent ischaemic events in non-ST elevation acute coronary syndrome (ACS).
Introduction
Motivated by the challenge of risk assessment in a heterogeneous population and guided by advances in our understanding of the pathobiology of atherothrombosis, researchers and clinicians have maintained substantial interest in the development and application of new biomarkers for risk stratification in patients with non-ST elevation acute coronary syndrome (ACS). In particular, strategies that combine multiple biomarkers that may reflect diverse pathobiological contributors to the onset and complications of ACS have been appealing as an approach to enhance risk assessment and possibly target therapy more effectively. 1 Proof-in-principle has been established with evidence for improved risk stratification using the combination of B-type natriuretic peptide (BNP), high-sensitivity C-reactive protein (hsCRP), and cardiac troponin. 2 -4 Nevertheless, few studies have evaluated multimarker strategies in robustly sized populations with rigorous follow-up after ACS. Moreover, comparative evaluation of newer markers is necessary to assess these candidates for integration into present strategies. In addition, because several newer markers have shown, at most, weak relationships with recurrent myocardial infarction, 3, 5 there is a need for assessment of their relationship with repeated ischaemic events. Myeloperoxidase (MPO), a haemoprotein released during degranulation of neutrophils and monocytes, 6 and soluble CD40 ligand (sCD40L), a shed cellular ligand released from activated platelets and stimulated lymphocytes, 7 have both been investigated as prognostic biomarkers in patients with non-ST elevation ACS. The plasma concentrations of both markers have been reported to be independently associated with the risk of death or recurrent ischaemic events. 8 -11 However, the number of assessments of these two biomarkers in studies that have included each of the other biomarkers from an established multimarker panel 2 are few. 12, 13 Therefore, we investigated the individual and combined relationship among MPO and sCD40L, along with BNP, hsCRP, and cardiac troponin I (cTnI) with regard to the risk of recurrent ischaemic events in patients presenting with non-ST elevation ACS and enrolled in the Treat Angina with Aggrastat and determine Cost of Therapy with an Invasive or Conservative Strategy (TACTICS)-TIMI 18 trial.
Methods

Study population
Plasma samples were obtained at enrolment of patients presenting within 24 h of onset of a non-ST elevation ACS in the TACTICS-TIMI 18 trial. The design of TACTICS-TIMI 18 has been described previously.
14 Patients 18 years old were eligible if they had symptoms consistent with unstable angina, were candidates for coronary revascularization, and had at least one of the following: ST-segment or T-wave abnormalities, elevated CK-MB or troponin, or documented coronary disease. Exclusion criteria potentially relevant to this study included recent (6 months) coronary revascularization, severe congestive heart failure, important systemic disease, or serum creatinine levels .2.5 mg/dL (221 mmol/L). Patients were treated with aspirin, intravenous unfractionated heparin, and tirofiban (Merck and Co., West Point, PA, USA) and were randomized to an early invasive or conservative management strategy. 14 Patients were followed for 180 days. The study protocol was approved by the institutional review boards of each participating hospital, and patients provided written informed consent. All study participants were to have blood samples obtained for biomarker testing and all available samples were tested. Owing to logistical impediments, details regarding compromise of samples during shipment, subject denial of consent for blood sampling, and depletion with prior testing, samples were not available in all subjects. This analysis was limited to patients with data for MPO and sCD40L, representing 69% of the total enrolment in TACTICS-TIMI 18. Because of depletion of samples due to prior testing of fatal cases, mortality was significantly lower in the subset of patients with the requisite biomarker data (only five of 76 patients who died by 180 days had samples available). For this reason, we limited the analyses to survivors in order to focus on the incidence of non-fatal recurrent ischaemic events. The results of the analyses presented were not different when the five subjects with MPO and sCD40L results and fatal events through 180 days were included. Patients were followed for 6 months for non-fatal recurrent ischaemic events. All potential myocardial infarctions and rehospitalizations for ACS were adjudicated according to definitions established for the TACTICS-TIMI 18 trial 14 by an independent clinical endpoints committee, blinded to treatment assignment and central biomarker results.
Laboratory testing
All testings were conducted by personnel blinded to clinical outcomes and treatment allocation. The protocol specified that blood samples be obtained by trained study personnel in citrate-anticoagulated tubes, plasma isolated via centrifugation at 1500 g for .15 min, and samples frozen ,60 min of acquisition. Plasma samples were stored at 2208C or colder at the enrolling site until shipped to the TIMI Biomarker Core Laboratory, where they were maintained at 2808C. MPO was measured using an enzyme-linked immunosorbent assay, the CardioMPO TM test (PrognostiX, Inc., Cleveland, OH, USA), which has been approved for clinical use by the US Food and Drug Administration. This sandwich enzyme-linked immunosorbent assay demonstrated a minimum detection limit (as calculated by interpolation of the mean plus two standard deviations) of 26 pM, with a within-run precision of 4.7%. Accuracy studies employing method of standard additions with isolated pure human MPO and multiple (n ¼ 12) citrate plasma samples demonstrated overall recovery of 95.1 + 4.4%. The plasma concentration of sCD40L was determined using an enzyme-linked immunosorbent assay (R&D Systems, Minneapolis, MN, USA). The lower limit of detection is 4 pg/mL and the coefficient of variation is 6.4 and 6.0% at 437 and 1205 pg/mL concentrations, respectively. hsCRP was measured using the nephelometric method from Dade-Behring and dichotomized at 10 mg/L on the basis of prior work. 15 cTnI and BNP had been measured and reported previously.
16,17
Statistical methods
Plasma concentrations of each biomarker are described by the median and 25th and 75th percentiles. The baseline characteristics of patients with and without elevated levels of MPO and sCD40L were compared using the Wilcoxon rank-sum test for continuous variables and the x 2 or Fisher's exact test for categorical variables. Correlation coefficients reported between continuous variables are based on a non-parametric method (Spearman correlation). The unadjusted association between each marker and clinical outcome was evaluated using the Wilcoxon rank-sum test when treated continuously and the x 2 test for dichotomously handled results. Individual biomarkers were dichotomized at established cut-points where available (hsCRP, BNP, cTnI) 15 -17 and at the median for biomarkers without cutpoints established by prior studies (MPO and sCD40L). Using logistic regression, the relationship between biomarkers and outcomes was adjusted for the established major predictors of outcome in patients with non-ST elevation ACS (age, ST-deviation, diabetes mellitus, and heart failure) 18 as well as currently clinically available biomarkers with established relationship with prognosis. 19 Testing for heterogeneity in the effect of the invasive strategy between patients with and those without elevated levels of MPO, and sCD40L was performed using logistic regression with terms for the main effects and for the interaction of each marker with treatment allocation. All analyses were performed using Stata v9.0 (College Station, TX, USA), with two-tailed P-values ,0.05 considered significant.
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Results
Baseline levels of MPO and sCD40L were available for 1524 survivors of non-ST elevation ACS. Their baseline characteristics stratified by MPO and sCD40L are presented in Table 1 . These characteristics are compared with those without MPO and sCD40L data in Supplementary material online, Table S1 . Those with biomarker data available tended to be younger (61 vs. 65 years, P , 0.001), to have higher body weight (83 vs. 81 kg, P ¼ 0.001), and to present less frequently with a qualifying MI (35 vs. 42%, P ¼ 0.002). The median concentration of MPO was 884 pM with 1st, 25th, 75th, and 99th percentiles of 56, 489, 1381, and 6820 pM, respectively. The concentration of MPO was more likely to be elevated in patients presenting with a myocardial infarction compared with those with unstable angina (P , 0.001) and tended to be more frequently increased in patients with diabetes mellitus (P ¼ 0.09, Table 1 ). The median concentration of sCD40L was 989 pg/mL with 1st, 25th, 75th, and 99th percentiles of 5, 311, 2798, and 9153 pg/mL, respectively. Baseline characteristics were similar between those with and without elevated levels of sCD40L, with the exception that patients with an elevated concentration of sCD40L tended to be younger (P ¼ 0.07, Table 1 ). MPO was only weakly correlated with hsCRP (r ¼ 0.08, P ¼ 0.003), sCD40L (r ¼ 20.12, P , 0.001), and cTnI (r ¼ 0.18, P , 0.001), and not BNP (r ¼ 0.03, P ¼ 0.26), estimated GFR (r ¼ 20.05, P ¼ 0.07).
The median concentration of MPO was significantly higher in the 106 patients who subsequently suffered a non-fatal myocardial infarction or recurrent ACS event during the first 30 days (1158 pM; 25275th percentile 729-1767 pM) compared with those without recurrent ischaemic events (866 pM; 25275th percentile 473-1366 pM, P ¼ 0.0003). In contrast, the median concentration of sCD40L did not differ significantly between those with recurrent ischaemia by 30 days (1091 pg/mL; 25275th percentile 420-2871 pg/mL) and those without (971 pg/mL; 25275th percentile 304-2795, P ¼ 0.26). Analysis in a logistic regression model as continuous variables (log-transformed) revealed a significant relationship between MPO and the risk of recurrent ischaemic events (OR 1.42; 95% CI 1.14-1.78; P ¼ 0.002) and a trend for sCD40L (OR 1.15; 95% CI 0.99-1.33; P ¼ 0.07). When dichotomized at the median, an elevated baseline level of MPO (.884 pM) was associated with a two-fold higher risk of recurrent ischaemic events (MI or recurrent ACS) at 30 days (9.3 vs. 4.6%, P , 0.001), whereas patients with an elevated concentration of sCD40L (.989 pg/mL) showed only a . ............ ............ ............ ............ ........... ............ ............ ............ ........... ............ ............ ............ ........... ............ .... modest trend towards higher risk (7.6 vs. 6.3%, P ¼ 0.31). The relationship between each marker and the risk of recurrent ischaemic events is shown in Figure 1 revealing a significant association between MPO and MI (P ¼ 0.004) and rehospitalization for ACS (P ¼ 0.019) and no detectable difference for sCD40L (P ¼ 0.49 and P ¼ 0.39, respectively). The same pattern was maintained when the relationship between MPO and risk of recurrent ischaemic events was examined in those patients with a baseline cTnI below the 99th percentile (n ¼ 629, 6.4 vs. 3.6%, P ¼ 0.11). After adjustment for age, ST-deviation, diabetes mellitus, history of coronary artery disease, history of heart failure, baseline cTnI, hsCRP, and sCD40L, an elevated baseline concentration of MPO was associated with a nearly two-fold higher risk of non-fatal myocardial infarction or recurrent ACS at 30 days (adjusted OR 2.10; 95% CI 1.36 -3.23, P ¼ 0.001). An increased concentration of sCD40L was associated with a non-significant trend towards more frequent ischaemic events in this model when treated either dichotomized at the median (adjusted OR 1.39; 95% CI 0.93-2.09, P ¼ 0.11) or as a continuous variable (P ¼ 0.15). These findings were both consistent handling the biomarkers as continuous variables (log-transformed) with an adjusted OR 1.41 (95% CI 1.22-1.77; P ¼ 0.003) for a log increase in MPO and adjusted OR 1.15 (95% CI 1.00-1.32; P ¼ 0.056) with sCD40L. In the subset of patients with BNP also available (n ¼ 1453), the risk related to MPO was not attenuated with the addition of BNP to the model (adjusted OR 2.36; 95% CI 1.50-3.73, P , 0.001). With MPO in the model, hsCRP was not associated with recurrent ischaemic events (P ¼ 0.43); therefore, we updated our prior multimarker model 2 for this analysis of recurrent ischaemia, with MPO replacing hsCRP. When evaluated in a multimarker approach integrating biomarkers measured and reported previously in TACTICS-TIMI 18, the combination of MPO, BNP, and cTnI identified a .3-fold gradient of risk for recurrent ischaemic events at 30 days ( Figure 2) . We also evaluated the relationship between MPO and sCD40L with outcomes through 6 months of follow-up. Notably, the association between MPO and the risk of myocardial infarction or recurrent ACS was attenuated by 6 months (16.7 vs. 13.9%, P ¼ 0.14) with an adjusted OR 1.26 (95% CI 0.95-1.68). Examination of Kaplan -Meier cumulative incidence curves reveals an early separation with a gradual convergence in the risk by 6 months (Figure 3 ). In addition, we detected a non-significant trend between sCD40L and outcome at 6 months (16.5 vs. 14.0%, P ¼ 0.18, Figure 3 ). Analyses as continuous variables with respect to outcomes at 180 days did not differ qualitatively (MPO: adjusted OR 1.15; 95% CI 0.99-1.34; P ¼ 0.072, and sCD40L: adjusted OR 1.05; 95% CI 0.95-1.15; P ¼ 0.33). Finally, there was no evidence for an interaction between the efficacy of the early invasive management strategy and the risk associated with MPO with respect to outcomes at 30 days (P ¼ 0.65) or 6 months (P ¼ 0.14). Specifically, MPO was associated with an adjusted two-fold higher risk of recurrent ischaemia in patients managed with the invasive (OR 2.17; 95% CI 1.05-4.48) or conservative strategy (OR 2.13; 95% CI 1.24-3.66).
Discussion
With the rapid pace of emergence of new candidate biomarkers for risk assessment in patients with ACS, there is a strong need for comparative evaluation of the strongest candidates in order to guide further development as well as potential clinical application. MPO and sCD40L have appeared among the strongest candidate biomarkers of inflammation based upon prognostic performance in initial studies of patients with ACS. 8 -10,20 In our concurrent analysis of these biomarkers alone, and in combination with established prognostic markers (cTnI, BNP, hsCRP), we found that the baseline concentration of MPO was associated with an 2-fold higher adjusted short-term risk of non-fatal recurrent ischaemic events. In contrast, the concentration of sCD40L was associated with only a weak trend towards increased risk in our study in which all patients were treated with a glycoprotein IIb/IIIa receptor antagonist. Neither marker remained significantly associated with recurrent cardiac events by 6 months. 
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Evaluation of myeloperoxidase
Experimental and epidemiological studies have supported a potential role for MPO in the assessment of risk among patients presenting with ACS. 21 In addition to its microbiocidal properties, MPO appears to have both pro-atherogenic and destabilizing effects on atheromatous plaque through its oxidation of LDL, 22 activation of metalloproteinases, 23 consumption of nitric oxide as substrate, 24 and the modification of apoA1 in HDL. 25, 26 The plasma concentration of MPO is elevated among patients presenting with ACS, including those without myonecrosis evident at initial presentation. 8 In addition, at least three studies have shown that an elevated concentration of MPO measured early after presentation with ACS is associated with a higher risk of death and/or recurrent ischaemic events. 8,9,11 Our analysis not only provides an important additional validation of the relationship between MPO and the short-term risk of recurrent ischaemic events, but also demonstrates that this relationship is independent of other novel markers including sCD40L, hsCRP, and BNP, as well as cardiac troponin. Although serial samples for the evaluation of troponin were not available, the application of a contemporary low cut-point for cTnI at presentation is also a strength of this analysis. In addition, the strong association of MPO with recurrent ischaemic events distinguishes this biomarker from others, such as BNP, and hsCRP, which are more closely related to the risk of death and heart failure, but have shown a more modest relationship with recurrent myocardial infarction. 3, 5 However, the absence of an ability to predict a greater benefit of early invasive management with MPO differs from troponin and highlights the need for additional investigation to define specific therapeutic actions in response to an increased concentration of MPO. In addition, the attenuation of the risk related to MPO by 6 months of follow-up contrasts with results from prior studies and points to a need for additional evaluation of the prognostic performance of MPO with respect to long-term clinical outcomes. However, our results lend support to consideration of MPO as a biomarker for risk assessment early after presentation. 8 Evaluation of soluble CD40 ligand sCD40L is released from stimulated lymphocytes and activated platelets 27 and thus has attracted substantial interest as a marker of the combined activation of inflammatory and procoagulant pathways identified as central to the pathogenesis of ACS. 1 Prior work by our group and others had indicated an association between the plasma level of sCD40L early after presentation with ACS and the risk of death and recurrent ischaemic events. 10, 20 However, since the time of these studies, preanalytic influences, such as the anticoagulant used, speed of centrifugation, temperature, and time to analysis, have achieved recognition as bearing importantly on measurement of sCD40L and presented as barriers to potential practical clinical application. 28, 29 Although we followed the same pre-analytic methods as used in our prior work 20 using citrated plasma as supported by comparative studies, 30 we could not detect a significant relationship between sCD40L and outcome in our present study. It is possible that the uniform treatment of patients in this study with a platelet glycoprotein IIb/IIIa receptor antagonist, which has been shown to attenuate the risk associated with sCD40L, 10 impacted on the strength of the relationship. Nevertheless, these results, at a minimum, contribute to a mixed evidence-base and raise some caution with regard to the strengths and weaknesses of sCD40L as a biomarker for clinical application, particularly when viewed relative to other candidate markers of inflammation such as MPO. This note of caution is corroborated by a smaller study (n ¼ 427) with infrequent use of glycoprotein IIb/IIIa receptor antagonists in which any association between sCD40L and outcome was attenuated compared with prior studies. 12 Together, these findings underscore the need for both a thorough characterization of the preanalytic and analytic performance of newer markers and establishment of a strong base of evidence with repeated validation before novel biomarkers are considered for introduction into clinical application. 
Limitations
This study has limitations that must be recognized in its interpretation. First, because of limited availability of samples for testing of MPO and sCD40L, we could only evaluate the associations with non-fatal outcomes, and thus the generalizability of our findings with respect to MPO and multimarker testing may be impacted.
Although there was clearly a strong selection pressure on the availability of this cohort and a strong possibility of selection bias, we believe that the qualitative findings of our results are not likely to be altered by this limitation. Most importantly, previous data indicate that a significant, directionally similar association has been demonstrated between MPO and mortality. 11 Therefore, it is unlikely that the directionality of our results would have been qualitatively different had patients with fatal complications been included. Moreover, in a sensitivity analysis in which we randomly imputed an MPO value above or below the median for the 71 subjects without MPO data who died and included them in the analysis, the relationship between MPO and the risk of death or recurrent ischaemic events at 30 days remained significant (OR 1.7; 95% CI 1.2 -2.3; P ¼ 0.003). In addition, our findings with respect to MPO and recurrent ischaemic events are consistent with work from two prior studies. Nevertheless, additional studies of the relationship of MPO alone and in combination with other biomarkers with short and long-term mortality will be important. For example, on the basis of prior results, we expect that hsCRP is likely to remain in the multimarker model when deaths are included in the outcome. 3, 5 Secondly, serial sampling of biomarkers was not available in TACTICS-TIMI 18. Therefore, our analyses pertain to ascertainment at presentation and we cannot exclude the possibility that the performance of MPO might be different at later points in time when serial data for troponin become available to the clinician. In addition, the prognostic association of BNP appears stronger when assessed later after presentation (e.g. prior to discharge) and thus the relative contribution of BNP may also have been greater if assessed serially. 31 Finally, because all patients in this study were treated with tirofiban, our design does not permit us to eliminate an influence on the association between sCD40L and outcome.
Conclusion
The concentration of MPO at presentation with non-ST elevation ACS is associated with the short-term risk of recurrent ischaemic events independently of clinical risk factors, cardiac troponin, and other novel biomarkers, including BNP, sCD40L, and hsCRP. This finding supports continued investigation to define a possible role of MPO in the clinical evaluation and management of patients with ACS.
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